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The knowledge of the potential distribution of the semiconductor/electrolyte interface is essential for understanding the photoelectrochemical behavior of the semiconductor electrode. It is usually assumed that the Helmholtz layer capacitance is so largecompared with the space charge layer capacitance that the total capacitance measured can be treated as the space charge layer capacitance and all potential change occurs within the sp.ace charge layer, i.e., bandedge is pinned (1) . Recently, however, Bard et al. and Wrighton et al. have shown that if a significant amount of surface states is present all the potential change occurs in the Helmholtz layer, i.e., Fermi level is pinned, contrary to the above assumption (2-4). The bandedge pinning and the Fermi level pinning are the two extreme situations of the potential distribution at the semiconductor/electrolyte interface, and usually the applied potential with respect to the flatband potential distributes partly in the space charge layer and partly in the Helmholtz layer (5) .
The linearity of the Mott-Schottky plot is often considered to be evidence of the bandedge pinning (6) 
where e is the elementary charge, e0 is the dielectric constant of the vacuum, 9 is the relative dielectric con= stant of the semiconductor, r and Cb are the potential of the semiconductor at x from the semiconductor/electrolyte interface and in the bulk, Po and no are the concentration of holes and electrons in the bulk, and ND and NA are the concentration of donor and acceptor levels, respectively. When the charge at the semiconductor/electrolyte interface is distributed continuously and does not consist of separate point charges, the evaluation gives the following equation for the space charge in the semiconductor, Qsc, from the Eq.
Here Schottky approximation (7) , that the linearity holds even when the bandedge movement occurs.
In this note we examine the effects of the Helmholtz layer capacitance on the bandedge movement and the linearity of the relation between 1/C 2 and the applied voltage when no surface states are present by the calculation of the potential dependence of the Helmholtz layer capacitance and the potential change in the Helmholtz layer without many approximations.
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[21 e (r --Cb) Ys = kT [3] where r is the potential of the semiconductor at the surface. The plus sign appears in front of the root when Ys ~ 0 and the minus when Ys > 0. The differential capacitance of the space charge layer, Csc, is obtained by differentiation of Eq.
The measured capacitance, C, can be written as
where CH is the differential capacitance of the Helmholtz layer, and the electrode potential of the semiconductor electrode, V, with respect to the flatband potential, VFep, can be written as V --VFBP = ~bsr "4" ~H [6] where Ar is the potential change in the space charge layer, i.e., ar = Cb --Cs, and ACH is the potential change in the Helmholtz layer, i.e., aCH ----CH,V --~bH.FBP, where CH,V and CH,FBP are the potential drop in the Helmholtz layer at potential V and at the flatband potential, respectively. By assuming the variation of CH as a function of the electrode potential is negligible, aCH can be expressed as
The usual assumption is ]aCsc] >> INCH], i.e., the bandedge is pinned. By using Eq. [2] , [3] , and [7] , the ratio of ACH to ~r + hCsr i.e., the total potential change, is calculated as a function of (ACH -t-Casc) by assuming Cn = 10 ~F 9 cm -2 and the results are shown in Fig. 1 . The contribution of hell is surprisingly high, particularly at the potentials near the fiatband potential. De Gryse et al. have derived the following equations for n-type semiconductors by using the MottSchottky approximation and demonstrated that the linearity of the Mott-Schottky plot holds even when CH and ar are taken into account (7) 2eeeo _..~) [8] 0,r = ~ ( ~r176
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The comparison is made between ACH/(ACsc-1-ACzz) obtained by using Eq. [2] , [3] , and [7] and one obtained by using Eq. [7] and [8] in Fig. 2 . When the potential change is relatively large, two calculations give similar results, but the difference is significant when (ar 4-ACH) < 0.15V. The values of C-2 obtained by using Eq. [4] and [5] with CH = 10 ~F 9 cm-~ and oo are plotted against (ACsc 4. Ar in Fig. 2 . /'r is calculated by using Eq. [2] , [3] , and [7] , The values of C -2 obtained by Eq. [10] with CH : 10 ~F 9 cm -2 are also plotted against (ACsc 4. ACH) in Fig. 2 . In this case ACH is calculated by using Eq. [7] and [8] . Again the difference between the plot with (curve 4) and without (curve 3) the approximation becomes significant at small bias potentials. The relation between C -2 and (ACsc 4. ACH) obtained by Eq. [2] , [3] , and [7] is linear when potential change is large but curved when ( The following conclusion can be drawn from the above. (i) CH and ACH, i.e., the movement of bandedge, cannot be neglected even when no surface state is present, particularly at highly doped semiconductors.
(ii) C -2 vs. V --VFBP plot is linear at relatively large bias potentials but curved at small bias potentials and the slope of the linear portion is almost the same as that of C-2 vs. V --VFBP without taking into account CH and ACH. Thus, the linearity of the Mott-Schottky plot at relatively large bias potentials cannot be used as evidence of bandedge pinning. (iii) To obtain an accurate picture of the potential distribution of the semiconductor/electrolyte interface, one must measure the differential capacitance-potential relation for a wide potential range, particularly at small bias potentials, calculate the carrier density from the slope of the linear portion of C -2 vs. potential plot, and compare the C -~ vs. potential relation calculated by using the carrier density thus obtained and Eq. [2] - [7] for certain values of VFBP and CH, with the experimentally observed C-2 vs. potential plot.
